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(57)Abstract: 

PURPOSE: To obtain the subject sintered compact having excellent strength and toughness and 
suitable for practical use by specifying the baking temperature and the baking time of a mixture of a 
rare-earth metal oxide and alumina, thereby decreasing the crystal particle diameter of the sintered 
product below a prescribed level. 

CONSTITUTION: The objective rare-earth oxide-alumina sintered compact having crystal particle 
diameter of <30^m and free from the generation of defects such as void and pore and the abnormal 
particle growth causing the lowering of strength and toughness can be produced by forming a mixture of 
5 -95wt. % of rare-earth metal oxide such as Sc203, Y203 and La203 and 5-95w t.% of alumina, heating 
the mixture at a heating rate of 1-200°C/min and keeping at 1500-1800°C for 0.1-10hr. The sintered 
compact is e.g. composed mainly of Ln4AI209 or LnAI03 (Ln is rare-earth element or their mixture). 
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[Detailed Description of the Invention] 

[industrial Application] Especially this invention is proposed about a precise rare earth oxide-alumina sintered 
compact on an organization target with high reinforcement and high toughness by lessening pore in the ceramics 
leading to reinforcement or a toughness fall about a rare earth oxide-alumina sintered compact and its manufacture 
approach, and controlling abnormality grain growth. 

[0002] f 

[Description of the Prior Art] The oxide system ceramics has the high reinforcement in an elevated temperature, 
and since it excels in thermal resistance, oxidation resistance, and corrosion resistance, the temperature of hundreds 
of or less times of the melting point can trust and use it at least. So, promising ** of the rare earth oxide (the rare 
earth elements and oxide of those mixture) and alumina with which the melting point exceeds 2000 degrees C was 
carried out as a high-temperature-service ceramic ingredient. The case of the mixed ceramics which consists of two 
kinds of this oxide especially is also about 2000 degrees C, and that melting point is considered to be an effective 
thing as the so-called high temperature materials. 

[0003] However, since crystal grain caused abnormality growth and served as a big diameter of crystal grain of 100 
micrometers or more in case the mixture of an oxide is calcinated and a sintered compact is generally obtained 
about the oxide mixing ceramics, there was a problem that eburnation was hard to be carried out that pore is easy to 
be formed. And the sintered compact obtained became only what has them for the crystal grain which carried out 
abnormality growth, or said pore. [ remarkable reinforcement, toughness, and a degree of hardness and small ] In 
such a reason, by the time practical use was presented with the sintered compact of such oxide mixing ceramics, it 
did not result till today. u 
[0004] In order that a rare earth oxide might generate twin crystal by the martensitic transformation in the case ot 
baking especially about Ln4aluminum 209 or the compound of a presentation which becomes LnA103, there was a 
fatal fault that only a very weak polycrystal sintered compact could be obtained. 
[0005] ' 

[Problem(s) to be Solved by the Invention] By the way, as an approach of controlling abnormality gram growth of 
the polycrystal sintered compact of the oxide mixing ceramics mentioned above, the approach of controlling 
burning temperature and firing time was conventionally considered to be effective vaguely. However, since, as for 
the sintered compact of a rare earth oxide-alumina system, said control technique is not yet established, the actual 
condition is not put in practical use as a ceramic ingredient. 

[0006] The purpose of this invention is to propose the rare earth oxide-alumina sintered compact suitable for 
practical use in which studied the burning temperature of that, and the suitable conditions of firing time, controlled 
and had the diameter of crystal grain of this sintered compact in fitness by this about establishing said control 
technique with repetitive possibility, i.e., the polycrystal sintered compact of the oxide mixing ceramics, and both 
reinforcement and toughness were excellent, and its manufacture approach. 
[0007] ~ . . . 

[Means for Solving the Problem] In order to realize the purpose of upper **, as a result of inquiring 
wholeheartedly, when artificers controlled the diameter of crystal grain of the mixture sintered compact of a rare 
earth oxide and an alumina to 30 micrometers or less, it traced that the desired reinforcement and the desired 
toughness which this kind of sintered compact is expected were acquired. Then, about the conditions for obtaining 
such a diameter of crystal grain, when inquired further, performing baking which makes burning temperature within 
the limits of 1500-1800 degrees C, and makes firing time 0.1-10 hours under the predetermined blending ratio of 
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coal acquired the knowledge of being effective, and it completed this invention of the following summary 
configurations. 

[0008] This invention namely, mixture (rare earth oxide 5 - 95wt% and alumina 95 - 5wt%) The manufacture 
approach of the rare earth oxide-alumina sintered compact characterized by heating this mixture with the 
programming rate for 1 - 200 **/after that, and calcinating by fabricating and holding in a 1 500-1 800-degree C 
temperature region for 0.1 to 10 hours, The rare earth oxide-alumina sintered compact whose diameter of crystal 
grain compounded by it is 30 micrometers or less, And the manufacture approach of a rare earth oxide-alumina 
sintered compact that said rare earth oxide-alumina sintered compact is what uses Ln4aluminum 209 or LnA103 as 
a principal component, and the diameter of crystal grain compounded by it are the rare earth oxide-alumina sintered 
compacts which are 30 micrometers or less. 
[0009] 

[Function] According to the place as for which artificers did knowledge, it is important for a rare earth oxide- 
alumina sintered compact to control the particle size of the constituent particle to 30 micrometers or less, and he has 
noticed control of such a diameter of crystal grain being attained by devising baking conditions. Then, as a result of 
advancing and doing research further, it hit on an idea of being effective in the pore in the sintered compact with 
which performing proper both combination and sintering of proper burning temperature and fitness firing time 
causes reinforcement and a toughness fall, or prevention of abnormality grain growth to a header and this invention. 

[0010] According to the manufacture approach of the rare earth oxide-alumina sintered compact of this invention, it 
is rare earth oxide powder first. 5 - 95wt% and alumina powder 95 - 5wt% are mixed. 

[001 1] Here, the property of a rare earth oxide-alumina system sintered compact that rare earth oxide powder is 
obtained less than [ 5wt% ] became what inclined toward the alumina sintered compact independent property, and 
since an alumina became that from which the property of the rare earth oxide-alumina sintered compact obtained 
inclined toward the rare earth oxide independent property less than [ 5wt% ] on the other hand, it limited to the 
above-mentioned range. 

[0012] In addition, it is a rare earth oxide (Ln 203), For example, Sc 203, Y203, La 203, Ce02 and Pr 203, Nd 
203, Sm 203, Eu203, Gd 203, Tb 203, Dy 203, Ho 203, Er 203, Tm 203, Yb 203, and Lu 203 are used 
suitably. 

[0013] Moreover, in mixing of said oxide powder, the usual machine used for mixing or kneading of fine particles 
can be used. Either dry type or wet are OK as this mixing, and in especially a wet case, it is effectively mixable if 
surface active agents, such as ethylamine and fish oil, are used. 

[0014] Next, it once dries and the mixed raw material obtained as mentioned above is succeedingly fabricated in the 
generation form of a predetermined configuration. As a shaping assistant, it can add in the above-mentioned mixed 
raw material, and organic giant molecules (a polyethylene glycol, polyvinyl alcohol, etc.) can be fabricated in this 
forming cycle with the application of the known forming technique of a conventional method. 
[0015] Next, said generation form is heated with the programming rate of 1 - 200 **, and let it be a sintered 
compact by baking processing held in temperature of 1500-1800 degrees C for 0.1 to 10 hours. A sintered compact 
precise [ when this burning temperature is lower than 1500 degrees C ] since sintering becomes inadequate cannot 
be obtained, but on the other hand, if higher than 1800 degrees C, abnormality growth of crystal grain will be 
caused. The range of fitness burning temperature is limited to the range of 1500-1800 degrees C from this. Next, 
firing time is 0. 1 although it is desirable to make it short when high for a long time [ when burning temperature is 
low ] in relation to said burning temperature. When shorter than time amount, since sintering was inadequate, a 
precise sintered compact could not be obtained, but on the other hand, in order to cause abnormality growth of 
crystal grain by ** for 10 hours, it limited to the range of 0.1 - 10 hours. Moreover, if a programming rate is slower 
than a part for 1-degree-C/, it takes [ sintering ] time amount too much and is not economical, and on the other 
hand, since a precise sintered compact will not be obtained if quicker than a part for 200 **/, it is limited to the 
range of 1 -200**. 

[0016] In addition, as an ambient atmosphere at the time of baking, although an oxidizing atmosphere is desirable, a 
non-oxidizing atmosphere (for example, nitrogen gas, argon gas, gaseous helium) is sufficient, and you may 
calcinate in a vacuum further. 

[0017] As for the rare earth oxide-alumina system sintered compact obtained with the application of such baking 
conditions, the diameter of crystal grain of a constituent particle is controlled by 30 micrometers or less. 
Consequently, in the former, the rare earth oxide-alumina sintered compact which has the reinforcement which was 
not able to be expected, and a toughness value can be obtained. 
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[001 8] Generally, if the diameter of crystal grain of a constituent particle exceeds 50 micrometers, as for the 
ceramics a strong fall will become remarkable. Therefore, particle size must be set to 50 micrometers or less in 
order to obtain the ceramic ingredient of high intensity. So, if mean particle diameter is set to 30 micrometers or 
less, since a maximum grain size is set to 50 micrometers or less, the diameter of average crystal gram will be 
controlled by this invention to 30 micrometers or less. . 
[0019] Next, control of the diameter of crystal grain by control of baking conditions is effective especially at the 
time of the rare earth oxide-alumina sintered compact which uses as a principal component Ln4aluminum 209 
which produces a martensitic transformation at the time of baking, and the compound which becomes LnA103. 
That is, for the rare earth oxide-alumina sintered compact which a combination presentation calcinates and by 
which it is compounded by this invention approach which mentioned above the mixture of the rare earth oxide and 
alumina which are Ln4aluminum 209 or LnA103, since the diameter of crystal grain is controlled by 30 
micrometers or less, the diameter of crystal grain is 100. When it was mum, the seen brittleness was not observed at 

all. . 
[0020] Although twin crystal does not generate that reason to the constituent particle in said sintered compact but a 
small number of twin crystal generates for the first time with progress of a crack, it is thought that it enlarges the 
reinforcement and the toughness of said sintered compact since this twin crystal absorbs the deformation energy of 
a crack and can absorb deformation energy also by motion of this twin plane. This is the device of toughening 
which is not known conventionally and is new discovery of artificers. According to an example, it explains below. 
[0021] 
[Example] 

(Example 1) It is Ho 203 in 50ml alcohol. 66g of powder, and aluminum 203 9g of powder was put in, 1 moreml 
diethylamine was added, and wet blending was carried out for 48 hours using the ball mill. It heated at 60 degrees C 
after mixed termination, and alcohol was evaporated, subsequently to 5% of polyethylene-glycol water solution, it 
put in and mixed and this was dried. Then, 45x20x4mm3 It fabricated in the generation form of magnitude. Next, 
the temperature up was carried out to 500 ** with 2-degree-C programming rate for /in air, and by 500 **, this 
generation form was held for 1 hour, and carried out temporary quenching. The temperature up of this temporary- 
quenching sample was carried out to 1650 degrees C with 10-degree-C programming rate for /in air, it was held at 
1650 degrees C for 4 hours, and the sintered compact was obtained. 

[0022] The diameter of average crystal grain of the obtained sintered compact was 3 micrometers. Moreover, the 
flexural strength of a sintered compact was 600MPa(s), and was fracture toughness value KIC=7 MP-m 1/2. 
[0023] (Example 2) It is Nd 203 in alcohol of 100 ml. Powder 1 1 5g and aluminum 203 35g of powder was put in, 
2 moreml diethylamine was added, and wet blending was carried out for 72 hours using the ball mill. It heated at 60 
degrees C after mixed termination, and alcohol was evaporated, subsequently to 5% of polyethylene-glycol water 
solution, it put in and mixed and this was dried. Then, 45x20x4mm3 It fabricated in the generation form of 
magnitude. Next, it is in air about this generation form. The temperature up was carried out to 500 ** with 1.5- 
degree-C programming rate for /, by 500 **, it held for 1 hour and temporary quenching was carried out. The 
temperature up of this temporary-quenching sample was carried out to 1550 degrees C with 10-degree-C 
programming rate for I'm air, it was held at 1550 degrees C for 2 hours, and NdA103 sintered compact was 
obtained. 

[0024] The diameter of average crystal grain of the obtained sintered compact was 3 micrometers. Moreover, the 
flexural strength of a sintered compact was 550MPa(s), and was fracture toughness value KIC=7 MP-m 1/2. 
[0025] (Example 3) They are 88.2g of 20Er3 powder, and aluminum 203 in 70ml alcohol. 1 1.8g of powder was 
put in, 1 moreml diethylamine was added, and wet blending was carried out for 72 hours using the ball mill. It 
heated at 60 degrees C after mixed termination, and alcohol was evaporated, subsequendy to 5% of polyethylene- 
glycol water solution, it put in and mixed and this was dried. Then, 45x20x4mm3 It fabricated in the generation 
form of magnitude. Next, the temperature up was carried out to 500 ** with 2-degree-C programming rate for /in 
air, and by 500 **, this generation form was held for 2 hours, and carried out temporary quenching. The 
temperature up of this temporary-quenching sample was carried out to 1530 degrees C with 15-degree-C 
programming rate for /in air, it was held at 1 530 degrees C for 5 hours, and the sintered compact was obtained. 
[0026] The diameter of average crystal grain of the obtained sintered compact was 5 micrometers or less. 
Moreover, the flexural strength of a sintered compact was 600MPa(s), and was fracture toughness value KIC=8 
MP-m 1/2. 

[0027] (Example 4) They are 88.3g of 20Tm3 powder, and aluminum 203 in 70ml alcohol. 1 1.7g of powder was 
put in, 1 moreml diethylamine was added, and wet blending was carried out for 72 hours using the ball mill. It 
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heated at 60 degrees C after mixed termination, and alcohol was evaporated, subsequently to 5% of polyethylene- 
glycol water solution, it put in and mixed and this was dried. Then, 45x20x4mm3 It fabricated in the generation 
form of magnitude. Next, the temperature up of this generation form was carried out to 1600 degrees C with 2- 
degree-C programming rate for /in air. it was held at 1600 degrees C for 2 hours, and the sintered compact was 

obtained. . 
[0028] The diameter of average crystal grain of the obtained sintered compact was 5 micrometers. Moreover, tne 
flexural strength of a sintered compact was 550MPa(s), and was fracture toughness value KIC=7 MP-m 1/2. 
[0029] (Example 5) They are 76.2g of 20La3 powder, and aluminum 203 in 70ml alcohol. 23.8g of powder was 
put in, 1 moreml diethylamine was added, and wet blending was carried out for 72 hours using the ball mill. It 
heated at 60 degrees C after mixed termination, and alcohol was evaporated, subsequently to 5% of polyethylene- 
glycol water solution, it put in and mixed and this was dried. Then, 45x20x4mm3 It fabricated in the generation 
form of magnitude. Next, the temperature up was carried out to 500 ** with 2-degree-C programming rate for An 
air, and by 500 **, this generation form was held for 2 hours, and carried out temporary quenching. The 
temperature up of this temporary-quenching sample was carried out to 1650 degrees C with 5-degree-C 
programming rate for /in air, it was held at 1650 degrees C for 2 hours, and the sintered compact was obtained. 
[0030] The diameter of average crystal grain of the obtained sintered compact was 4 micrometers. Moreover, the 
flexural strength of a sintered compact was 600MPa(s), and was fracture toughness value KIC=6 MP-m 1/2. 
[003 1] (Example 6) They are 88.5g of 20Yb3 powder, and aluminum 203 in 80ml alcohol. 1 1 5g of powder was 
put in, 1 moreml diethylamine was added, and wet blending was carried out for 72 hours using the ball mill. It 
heated at 60 degrees C after mixed termination, and alcohol was evaporated, subsequently to 5% of poly ethylene- 
glycol water solution, it put in and mixed and this was dried. Then, 45x20x4mm3 It fabricated in the generation 
form of magnitude. Next, the temperature up was carried out to 500 ** with 2-degree-C programming rate for An 
air, and by 500 **, this generation form was held for 2 hours, and carried out temporary quenching. The 
temperature up of this temporary-quenching sample was carried out to 1600 degrees C with 10-degree-C 
programming rate for An air, it was held at 1600 degrees C for 2 hours, and the sintered compact was obtained. 
[0032] The diameter of average crystal grain of the obtained sintered compact was 3 micrometers. Moreover, the 
flexural strength of a sintered compact was 650MPa(s), and was fracture toughness value KIC=6.5 MP-m 1/2. 
[0033] Thus, the rare earth oxide-alumina sintered compact obtained by the approach of this invention consists of 
particles of 30 micrometers or less of diameters of average crystal grain. And the sintered compact of this invention 
has sufficient reinforcement to present practical use and a fracture toughness value. Especially about a fracture 
toughness value, it has a mullite twice [ about ] the value of an alumina. 
[0034] 

[Effect of the Invention] As stated above, formation of pore can be prevented by controlling the diameter of crystal 
grain of a sintered compact to 30 micrometers or less according to this invention, and a uniform rare earth oxide- 
alumina sintered compact can be easily obtained on the organization target which has precise and high 
reinforcement and toughness. So, practical use can be conventionally presented with the rare earth oxide-alumina 
sintered compact with which practical use was not presented as a ceramic ingredient. 

[0035] Therefore, according to this invention Engine components, a gas turbine aerofoil, the components for gas 
turbines, a corrosive equipment component, crucible, the components for ball mills, the heat exchanger for 
elevated-temperature furnaces and refractory material, the refractory material for altitude airframes, the combustion 
tube, the components for die casting, an insulating material, the charge of nuclear-fusion internal insulation, the 
charge of reactor material, a solar furnace ingredient, a tool, a thermal shield ingredient, What is effectively used in 
biomaterials, such as a base for electronic circuitries, a sealant, a joint and the components for bulbs, an artificial 
bone, and a dental implant, a dielectric material, a cutter and a cutter cutting edge, sporting goods, a pump, a 
nozzle, the magnetic head, a roller, a guide, bearing, a ferrule, and other large fields It can provide. 
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CLAIMS 



[Claim(s)] . 

[Claim 1] The rare earth oxide-alumina sintered compact characterized by being a sintered compact (rare eartn 
oxide 5 - 95wt% and alumina 95 - 5wt%), and the diameter of crystal grain of this sintered compact being 30 
micrometers or less. . 
[Claim 2] The sintered compact according to claim 1 with which the above-mentioned rare earth oxide-alumina 
sintered compact uses Ln4aluminum 209 or LnA103 (however, Ln rare earth elements and those mixture) as a 
principal component. . 
[Claim 3] The manufacture approach of the rare earth oxide-alumina sintered compact characterized by heating this 
mixture with the programming rate for 1 - 200 **/after that, and calcinating by fabricating the mixture of a rare 
earth oxide and an alumina and holding in a 1 500- 1 800-degree C temperature region for 0. 1 to 1 0 hours. 
[Claim 4] The manufacture approach according to claim 3 that a rare earth oxide-alumina sintered compact is what 
uses Ln4aluminum 209 or LnA103 (however, Ln rare earth elements and those mixture) as a principal component. 
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[0022] #^>tlit^«cc7)T^ B B aeg»±. 3/zm 
T*->Jt. ^#cO*^S<i600H'aTJ>'9, S£ 
^SttfiKic = 7MP • m> n-eh^tz. 
40 [0023] (HS6M2) 100nl<?DT^3-/P«f fcNcfeO 
3 » U5gkAl 2 03 »35gk^Ail, £^»»c2iiil<DS'x 
f-^TSySrSant. ^-;P5/PSrfflV^T72lSfHg5eS 

<X^T. 5%(7)dfJxf-wy^Un-;|^^S[ 
tAilT^L. iiliriaSLJt. ^Oft, 45X20X4 

ft*. SM+T- 1.5C/*<7)#iB^ST500 "Cir^S 
500-CTl^fil»LT<SML^. ^^iSMISfl 
^M+T10'C/^<O#ia3tgT-155(yC^T-#iaL. 
50 1550X:t2I^S«^LTNdA103MJS(*^^. 



(4) 
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[0024] #f>tUtMfe*^iW B Sg{i» Sum 
X'hr>tz. ttz. ^*<7)lftff^«i550MPaT'$)0. 8S 
i£SttffiKic=7fP • mtnx'h-yfz. 

[0025] ( 3 ) 70nl cOT/l^ -/l^»^Er 2 03 
$88.2gfcAhCfe mi.&stZMx. SfeKlnlcDx'X 

fcAilT^U ^il^SagLfc. 45X20X4 
*5r, ^+-C2'C/^cO#fij$ST-500 T^T'lfta 

u 500 vT2^mm iTW&Ltz. zmmm 

Sr. T15'C/^cO#ia3Ug-C1530'CiT-#ja U 
153TCK5l$ia«fcL-t*USf*£*t*:. 

[0026] ^toM&ttcW^&a&gli. 5/im 
WT-C&oJt. MfeftiOlttff®SJ4600HPaT-* 
0. K^MtfiKic = 8HP-Bi/2T-J>ofe. 

[0027] ( HiSW4 ) 70ml »T^3 -rt4" ^Toute 
fc v 88.3gfcAh0} «m.7gfc£Ail. S lnKOv'X 
f-;U7$y£SsiniU *-^S;Hrfflv^T72^ISS^S 20 

tCAilT^U iitSrSgjiLJt. 45X20 X4 

U 1600-CT2efiae^fLT«tS«c^#^. 

[00281 ®t>tvtzm& <wm&m.\t. sum 

X'f>i-fz. M*gi*Ol!li(fSS<±550MPaT'i>0, 85 
i£«tittKic = 7MP • a>/*X'*-37t. 
[00 29] (mffl%5) 70nl<Oryl'3-^'t'tCLa203 30 
8>76.2gfcAhQ) ©23.8g££Ail, S^Clal^x 
^7$>S:3sflllU *-/PS;P^fflV^-C72^S^ 
£Ur. iS£*rr&. 60nCtr»UT. T^n-rt-Srli 
flStf, <frvt\ 5%«--Klixf-wy^U3-;P7kiSjg 
{CAilT8£U <ril£$a&L*:. -£<7>ft. 45X20 X4 
on? <7>±*Z<V£mto£.fmLiZ. 

£3\#T- 2 •C/^-<7)#SaST500 X:if#S 

U 500 x^isiajftftL-t <5*tU:. 

sm*-c5t:/ia-^ia3Lrcie5ox:iT#iBt. 
\mc\z2Tmm$LxffliiW*mtz. 40 

[0030] ^flfc&t^WimS&gtt. 4/im 



&®ttilKic = 6MP- sf^X'h-yfz. 
[0 03 1 ] 80mlWT^3-^iffc:Vb20s 
©88.5gi:Al 2 03 8m.5gfc£A*U ^^tClnl^X 
f-zl/rS^SrSsiDU ^-;US;l^?:fflv^T72«f©^S 

IZlilXm&L. ZtlZm*Uz. %<ntk. 45X20X4 

mm 3 (o^zw&mMzjimLtz. mz. c\<?&im 

^*T'2\:/#^ffi*JgT500 TC^T'#S 
500 •CT'2^[§R^LT«L^. .TcD<S&3m 

$\ 2m+Tiox:/^co#aa&ST'i60(rciiT'#aL, 
1600^ 2 «hi5«^ ixm&ftznt: . 

[0032] ^^fl/c^SfrW^IS^Sii. 3 v m 
T'fco*:. «8£«:<7)|fl|{f3SS»i650M > a-C*>0. 86 
«SttfiKic=6.5 HP • nt'tTb-ofz. 

i o o 3 3 ] o ^mi^-Jimx-n ^ hfz^±m 
mmt-rii-i-f-m&mi. ^^Begao^miaT^ 
mTx-mtfLZtix^z. L*»t. *micotiiMiMi. m 

&2<g*>te£ir-r&. 

[0034] 

«aoJ£ B B B eg^30^miaTtSiJfflI-rs^tfcJ:0. *T 
t,zi5-&&±mtim - Tfr 5 -f&lgftSr^tcfiS -I 

mm* K%ip->tz%i±msMto-T)v $ -Hsagft* 

[0035] t£->T. J:ix»f . xy^vaun, 

■a. m$m, m&Ftm. w&FRmm, *n*^r 
m. tm, ?mmm, wrmmm, ^->vn. at 

^^* y^-^J, X--K-7ffl>ft. y 
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